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ABSTRACT

The probability of landing the lunar module (LM)

at a point of scientific interest can be increased through

efficient use of the landing point designator (LPD). The

probability of making a successful redesignation to the

desired target is maximized by properly bi6_sing the initial

aim point. Increasing the acceptable target from a point

to a circular area allows a redesignation to the target area

to be made with the same probability of success using a

smaller redesignation delta-V budget. Circular target areas
can be considered whenever the astronauts' radius of mobility

on the lunar surface is great enough to allow them to reach

the points of scientific interest from any point within the

target area and whenever acceptably smooth landing points

are distributed throughout the area. In such cases, a sub-

stantial savings in redesignation delta-V budget can be

realized over that required to land at a point target.

The probability of success and the location of the

optimum initial aim point depend upon the relationship between

the redesignation capability, LM landing accuracy, and the

target area radius in any given case. Assuming the Apollo ii

LM descent trajectory and automatic landing error ellipse,

for a single, exact redesignation made at an altitude of

5000 ft. a point landing can be achieved with a 50% probability

of success with a redesignation delta-V budget of about 460 fps.

However, a landing within a circle of radius 5400 ft. can be

achieved with 50% probability of success with a zero delta-V

budget. The relationship between landing target radius and

the required redesignation capability is approximately linear.
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INTRODUCTION

The planning of future lunar exploration missions

has increased interest in the use of the landing point desig-

nator (LPD) to land the lunar module (IM) at a point of
scientific interest. Prior studies have considered the use

of the LPD to land the LM at a given point target using a
1

single redesignation. A logical extension of this problem

is to the case of a circular target area. By allowing the

acceptable landing point to be anywhere within an area of

radius A about the true target point, the same degree of

probable success in reaching the target can be achieved with

a smaller redesignation delta-V budget. Acceptance of less

accuracy in landing thereby brings about a savings in the

overall propellant requirement. The degree of reduced land-

ing accuracy which can be accepted is dependent upon the

points to be explored in any particular mission and on the

terrain in the vicinity of the target. If the mission re-

quires exploration of a single specific point, the acceptable

target area could be a circle centered at the point with

radius equal to the astronauts' radius of mobility on the

moon walking and/or using some type of mobility aid. If the

mission requires the exploration of several points distributed

throughout a limited area or a point near which landing is

impossible due to rough terrain, the acceptable target area

could be any circle such that all the points of scientific

interest can be reached from any point within the circle given

the astronauts' radius of mobility. In missions in which a

mobility aid is included in the LM payload, the required

landing accuracy of the LM is reduced. The resulting redesig-

nation delta-V savings helps to compensate for the increase

in LM payload weight due to the inclusion of the mobility aid.

REDESIGNATION ASSUMPTIONS

The problem is to determine the method of using the

LPD such that the probability of landing the LM within a

specific circular target area is maximized for various redesig-

nation delta-V budgets.



BELLCOMM, INC. - 2 -

It is assumed that:

(I) Due to the target visibility constraint of

the LM window, only left and/or downrange landing point

redesignations are permitted.

(2) Redesignation capability in distance is

determined by the redesignation delta-V budget and the alti-

tude at which the redesignation is made as illustrated in

Figures la and lb. 2

(3) Dispersions are normally distributed about

the initial aim point.

(4) Only a single redesignation is made.

(5) The redesignation is effected instantaneously.

BIASED TARGETS FOR ONE-DIMENSIONAL REDESIGNATIONS

The determination of the probability of landing

within a circular area involves consideration of a two-dimensional

normal distribution. The method of solution can be illustrated

by means of the special one-dimensional case. First the case

of the point target is considered as presented in Reference i.

In Figure 2a, the normal distribution function, _, with standard

deviation o , is plotted along the Y axis. Let T denote the
Y

target point and p the total redesignation capability (left

hand only) of the LPD. O is the point toward which the LM is

initially aimed. If the eventual landing point of the LM as

designated by the LPD were anywhere within the interval

T to T + p, it would be possible to redesignate the LM to T.

However, if the designated landing point were outside of this

interval, a redesignation to T would not be possible. The

probability of landing within (T, T + p) is given by the area
under the normal distribution curve over the interval, i.e.,

= exp - 2 dy

_y/_--_ 2Sy

where Uy is the value of the mean, and _y is the standard

deviation from the mean. Thus, the probability of landing

within (T, T + p) is maximized by placing the initial aim

point 0 at the center of the interval as shown in Figure 2b.
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The probability of landing at T using a single redesignation

is maximized, then, if the initial aim point is biased to the

right of the actual desired landing point by the distance p/2.

Should the acceptable target now be allowed to

include all points within a distance A of T, as depicted in

Figure 3a, any designated landing point within the interval

(T - 4, T + _ + p) allows for a redesignation to the target

to be made. The initial aim point is still biased to the

center of the interval, as shown in Figure 3b, but the proba-

bility of making a successful redesignation to the target is

increased since the normal curve in this case is integrated

over an interval of length p + 24.

BIASED TARGETS FOR TWO-DIMENSIONAL REDESIGNATIONS

The generalization to the case of a two-dimensional

target is presented in Figure 4. The Y-axis is crossrange

and the X-axis is downrange. The target point or area is T,

and 0 is the initial aim point about which the two-dimensional

normal distribution is centered. Px and py are the downrange

and crossrange redesignation capabilities at the time of

redesignation for a specified redesignation delta-V budget.

is the target area radius. The two-dimensional redesignation

capability of the LPD is assumed to be bounded by a quarter

ellipse with semi-axes of py and Px" Data which specify

exactly the current redesignation capability footprint are

lacking; however, results based upon an earlier LM descent

trajectory show that an elliptical boundary is a reasonable
3

approximation. Any designated landing point within the area

R, which is bounded by the quarter ellipse of semi-axes

py + _ and Px + A as shown in Figure 4, permits a redesignation

to the target within the established constraints. The proba-

bility of landing in R is given by

)2 [)2]f x - _x Y - _y= 1 exp - 1 dy dx

P 2 _ ax ay R x y

where ux and Uy are the coordinates of the aim point O, and

ax and _y are the downrange and crossrange standard deviations

of the LM automatic landing error ellipse. The probability

is maximized by choosing the proper coordinates u x and Uy.
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RESULTING OPTIMUM AIM POINTS AND PROBABILITIES

The optimum initial aim point and the probability

of making a successful redesignation to the target were calcu-
lated for ratios of _ to o of 1:5, 1:2, 1:1.5, i:i, 1.5:1,

y x

and 2:1 and several values of the landing target radius and

redesignation capability. In Figures 5a, b, c, d, e, and f,
the radius of the landing target area is plotted vs. the cross-

range redesignation capability for fixed values of the proba-

bility of making a successful redesignation to the target.

All distance measurements are expressed in units of Oy to

allow for the greatest degree of generality. Thus, the results

will remain applicable in spite of changes in the LM auto-

matic landing error ellipse and/or the redesignation delta-V

budget. For redesignation delta-V budgets of less than i00

feet per second, crossrange redesignation capability is approxi-
4

mately equal to twice the downrange capability (py = 2Px).

However, for larger delta-V budgets in the area of 400 fps,

this ratio is approximately reversed as shown in Figures la

and lb. Results for both ratios of Px to py are plotted to

show the range over which the results may vary as the redesig-

nation delta-V budget changes. In each case, the optimum

initial aim point was chosen. Figures 6a and 6b show how the

coordinates Px and _y of the optimum aim point vary with

redesignation capability for py = 2p x. The greater the redesig-

nation capability, the further the aim point O must be biased to

the right and uprange of the true target in order to allow for

the greatest probability of successfully redesignating to the

target. In all cases the redesignation to the target is assumed
to be made without error. In effect this means that the

maneuver must be made at an altitude close enough to the lunar

surface that the error involved in LPD operation is less than

the translational capability still available during the manu-

ally controlled hover period immediately before final touch-

down.

A better feeling for the actual numbers involved

can be achieved through examination of this problem for redesig-

nations from the Apollo ii LM descent trajectory. For that

mission the LM automatic landing error ellipse was given by

= 6481 ft. and _ = 2836 ft. 5 A single redesignation is
x y

assumed to be made at an altitude of 5000 ft. Redesignation

capability is as presented in Figures la and lb. The results

are shown in Figure 7. Since the slope of the constant proba-

bility curves is small, a very significant redesignation

delta-V savings can be reaiized for only a relatively small
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increase in the landing target radius. For instance, a land-

ing at a point target can be achieved with a 50% probability

of success for a redesignation delta-V budget of about 460 fps.

However, the same probability of successfully reaching the

target can be maintained with zero delta-V budget if the

target is allowed to be a circle of radius 5400 ft. This

delta-V savings is equivalent to about 1400 ibs of LM payload.

CONCLUSIONS

The probability of making a successful redesignation

to a given target area using the LPD to make left and/or down-

range redesignations is maximized by properly biasing the

initial aim point to the right and uprange of the true target.

For all fully automatic landing ellipses considered, the rela-

tionship between landing target radius and the redesignation

capability required to land within this target area with a

given probability of success is approximately linear. An

increase in landing target radius of one unit of distance

allows a corresponding decrease in redesignation capability
of about three units of distance with p = 2p and about one

Y Y

and a half units of distance with Px = 2py for an equivalent

probability of success. For the Apollo ii LM descent trajec-

tory and automatic landing error ellipse, and assuming an

exact redesignation at 5000 ft., an increase of i000 ft. in

landing target radius allows a decrease in the redesignation

delta-V requirement of about 75 fps. Thus, an increase in

the acceptable landing site area could result in significant

savings in the redesignation delta-V budget without decreasing

the probability of landing within the target area.

2013-KPK-srb K. P. Klaasen

Attachments:

References

Figures 1 through 7
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FIGURE 2A-

NORMAL DISTRIBUTION CURVE
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FIGURE 2B- ONE DIMENSIONAL REDESIGNATION TO POINT TARGET
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